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On the Short Term Stationarity o F Beta
Coefficients ce:by ROBERT A. LEVY THE measurement of risk is currently one of the more prominent topics in the investment community. Perhaps the prominence is due to constant prodding from academic circles; perhaps it can be traced to investor concern over the deplorable performance of formerly favored go-go funds during the 1969-1970 bear market; or pe.rhaps it can be attributed to the extended discussion of the subject in.the recently released Institutional Investor Study Report.
No matter the reason. The investing public, the mutual funds, the Securities and Exchange Commission and others have now joined the academicians in devoting a great deal of attention to risk, in both its conceptual and quantitative aspects. Indeed, the S.E.C. in their transmittal letter to Congress accompanying the Institutional Investor Study Report expressly advocated risk adjustment for determining investment performance, and even went so far as to suggest that incentive management fees be premised upon comparative results between actual portfolios and hypothetical unmanaged portfolios displaying equivalent risk.
Given the necessity of some form of risk measurement, what are the proper methods to use? And will the resultant measures be stationary over time? The latter question has at lea.st two corollaries: ( 1 ) Can the future "riskiness" of an investment selection be accurately estimated from its past riskiness? (2) Can an investor who bases his stock selection on foirecasting overall market direction rely on the persistence of market-related volatility?
This paper examines one measure of risk that has had wide acceptance in the academic community-the coefficient of market-related risk, often called the volatility or beta coefficient. First, we present a brief justification for the use of this measure; then we analyze its distribution properties as well as its stationarity over periods of 13, 26 and 52 weeks.
Beta As a Measure of Risk
Risk may be defined in terms of the uncertainty of the rate of return. One characteristic which gauges uncertainty in quantitative terms is the variability of return. Available evidence indicates that common stock investors demand and receive a higher level of return with increased variability, thus suggesting that variability and risk are related if not synonymous. Surely, the rational investor would prefer to receive say a 12 per cent annual return at the rate of one per cent per month than at the rate of 20 per cent the first month, -13 per cent the second month, etc.
In measuring variability, the method most widely used to date has been to divide the measurement period into non-overlapping subperiods, and compute the standard deviation (or its square, the variance) of the subperiod rates of returns for each security.
It is of course the risk of the portfolio as a whole rather than of each asset individually that is important to the investor. To illustrate, consider Stock A and Stock B both of which have large return variances. If it is always the case that when Stock A has a high return Stock B has a low return, and vice versa, the return on a portfolio of these two securities would be relatively constant. Accordingly, the portfolio would be nearly risk free, even though both of the stocks have highly uncertain returns.
Our task then is to determine the risk of an individual security by ascertaining the extent to which the security is likely to contribute to the variance of the returns on an entire portfolio. Each stock's variance must be divided into two components -the portion due to market movements, and the portion due uniquely to the stock itself. For an investor who can hold only the shares of one company, it is the total variance that is most relevant. But for the more usual type of investor who can diversify by investing in other securities, the important risk measure is the portion of total variance which is due to the market. Any risk due uniquely to an individual security can be minimized by diversification.
Clearly, it is the market-related portion of a stock's total risk which determines that stock's impact on the variance of portfolio returns. The label "volatility" is usually employed to designate market-related risk. And volatility, in turn, is represented by the beta coefficient*-a measure of the percentage price change of the stock which has historically accompanied a one per cent move in the market. Securities that are about as volatile as the market will have coefficients around 1.00; securities less volatile will have lower coefficients, and so on.
For a well diversified portfolio with equal investment in each of a number of securities, the variance of portfolio return can be shown to approximate the variance of the market return times the square of the average beta coefficient of the component stocks. Since the market vaiiance is constant for all securities, the average beta becomes a measure of portfolio risk. And thus the individual beta, as it contributes to this average, is a measure of risk for a security.
The Distribution of Beta Coefficients
In evaluating the distribution and stationarity of beta coefficients, we have used weekly returns for 500 common stocks over the period 12/30/60 through 12/18/70 (520 weeks). The stocks chosen were those available on our computerreadable files for the entire 10-year period. All the companies are traded on the N.Y.S.E.; they tend to be the more widely held and actively traded of N.Y.S.E. listings; and they are distributed by industry groups in about the same proportion as are the S&P 500 stocks. (A list of companies is available from the author.) First, betas were developed for all non-overlapping 52-week periods. Fifty-two weekly returns for a particular security were regressed upon the corresponding returns for the S&P 500 (as a measure of the overall market). This process was repeated for each security and each non-overlapping period. As a result, 500 betas were computed per 52-week period, and a total of 10 periods were covered. Table 1 summarizes the distribution of these betas in each of the 10 periods in terms of the high, low, mean, standard deviation, and decile points. In addition, the number of betas less than zero is tabulated. Over the entire 1 0-year period the average Blume's distribution, not surprisingly, has tighter fractiles, smaller standard deviations and a smaller percentage of negative betas. Our much shorterterm betas, while subject to greater sampling error, are probably of more practical importance to portfolio manaaers whose time perspective is likely to be considerably shorter than seven years. Nevertheless, we have patterned our study after Blume's initial effort; and we will be complaring our evidence regarding stationarity with the evidence he has already introduced for longer computation periods.
The Stationarity of 52-Week Betas
Perfect assessments of future risk for individual securities could be obtained if betas were constant over time. Since betas are obviously not constant, the critical question is whether or not they are sufficiently stationary for us to act as if they were constant. More specifically, in appraising the risk of a well diversified portfolio, we need to determine if averages of groups of betas are reasonably stationary. (The errors in predicting the average will tend to be less than the errors in predicting individual securities, provided the latter are independent of each other).
In an effort to measure stationarity in empirical terms, we have correlated each period's 52-week betas with the 52-week betas in the succeeding period, thus performing nine correlation studies over the ten periods. (For ease of exposition, we shall hereafter refer to the independent variable of each correlation study as historical betas, and to the dependent variable as future betas. The historical betas can be regarded as representing predicted risk for the coming period; and the future betas can be regarded as the actual realized risk.)
Portfolios of n securities were constructed as follows: Historical betas were ranked in ascending sequence from 1 to 500. The first portfolio consisted of those securities with the n smallest historical betas; the second portfolio consisted of the next n securities in sequence, etc. The number of securities n was varied over a wide range, including 1, 5, 10, 25 and 50, producing a number of portfolios also varying over a wide range, including respectively 500, 100, 50, 20, and 10. This process was repeated for each of the nine correlation periods.
Blume's article referred to two measures of statistical association: product moment correlations and rank order correlations. If one set of numbers is correlated with another set, the closeness of the relationship can be expressed by the product moment correlation coefficient. Usually, the term "product moment" is omitted, and the statistic is called simply the correlation coefficient. It is of course widely recognized that all correlation and regression studies are subject to errors of estimation; and the results of these studies are markedly influenced by outliers-that is, observations which significantly diverge from average. One method of counteracting the outlier problem is first to rank each of the two sets of numbers, and then to correlate the ranks instead of the numbers themselves. Accordingly, in the Blume article and in the material below, both the product moment and rank order coefficients are tabulated. Table 2 presents the product moment and rank order correlation coefficients between average historical betas for portfolios of n securities (assuming an equal investment in each security) and average future betas for the same portfolios in the subsequent period. The rank order coefficients are reflective of the predictability of relative portfolio risk levels; and the product moment coefficients are reflective of the predictability of absolute risk levels.
Quadratic means of the nine product moment coefficients are 0.486, 0.769, 0.853, 0.939 and 0.972 for n equal to 1, 5, 10, and 50 respectively. Accordingly, the corresponding average percentages of explained variation are 23.6, 59.1, 72.8, 88.2 and 94.5. Much the same pattern is shown by the rank order coefficients. These results suggest that assessments of future risk are very reliable for large portfolios, somewhat less reliable for smaller portfolios, and quite unreliable for individual securities.
By comparison, the quadratic means of Blume's product moment coefficients (dealing with 84-month betas) were .618, .914 and .982 for portfolios of 1, 10 and 50 securities. His corresponding average percentages of explained variation were 38.2, 83.5 and 96.4 respectively. Clearly, the longer-term betas are more stationary; however, the differences in stationarity between 52-week betas and 84-month betas decrease with portfolio size and are minimal for portfolios of 50 stocks.
Of our nine correlation studies, five covered forecast periods during which the market's performance was the reverse of the preceding period (1961-62, 1962-63, 1965-66, 1966-67 and 1968-69) . Notably, the betas were approximately as predictable over these five reversal intervals as over the remaining four intervals.
Beta Predictability Over 26-Week and 13-Week Periods
Next, to test predictability over shorter intervals, we computed betas for all non-overlapping 26 and 13-week periods from 1962 through 1970. These measures were regarded as the dependent variable (i.e., future betas); and historical betas computed for the 52-week intervals immediately preceding each future period were again used as the independent variable. With respect to the 26-week forecasts, a total of 18 product moment and rank order coefficients were calculated for portfolios of 1, 5, 10, 25 and 50 securities. Twice this number, or 36 studies, were performed in forecasting 13-week betas. The procedures followed were the same as those described above, excepting only the identity of the dependent variable and the number of forecast periods. Table 3 counterparts for 52-week projections, we can still conclude that assessments of future risk are reliable for large portfolios. Interestingly, the differences in explained variation for portfolios of 50 securities are greater between 52-week and 26-week forecasts than between 84-month and 52-week forecasts. Except for portfolios of one security, the differences between 52-week and 26-week predictability narrow as the portfolio size increases.
Of the 18 correlation studies, half covered intervals during which the 52-week historical market performance was opposite in sign to the 26-week future market performance. Once again, the betas were about as predictable over these nine reversal intervals as over the remaining nine intervals. Results for 13-week forecasts are summarized in Table 4 . Conclusions to be drawn from Table  4 are in part the same as those stated above: (1) Average betas are reasonably predictable for large portfolios, less predictable for smaller portfolios, and quite unpredictable for individual securities; (2) Forecasts are clearly better over longe,r periods than over shorter periods; (3) Although predictability improves as the forecast period lengthens, the relative improvement tends to be less for larger portfolios; (4) Product moment and rank order coefficients display similar patterns and are of similar magnitude; and (5) Reversals in the market occurring near the forecast date do not diminish the degree of predictability. 
Magnitude and Direction of Forecast Errors
In Table 5 , we have compiled the average forecast error (i.e., an average of the difference between actual and predicted betas) for each of ten portfolios of 50 securities over 52-week forecast periods. Portfolio number 1 contains the 50 securities with the lowest historical betas; portfolio number 2 contains the 50 securities with the next lowest historical betas, etc. Since we have used hi8torical betas as our predictor of future betas, the portfolios are arranged in ascending sequence of risk levels expected to be realized over each 52-week forecast period.
For all nine forecast periods, the betas in the least risky portfolio are underestimated; and for eight of nine periods the betas in the second and third least risky portfolios are underestimated as well. Correspondingly, overestimation occurs without exception in the highest risk portfolio, and with but one exception in each of the next two high risk classes. On average, forecast errors are lowest in the middle risk groups; they grow nega- 
